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We have found that a boxA.like sequence isconserved in the 16 S and 23 S rRNA intergenlc spacer egions of mycoplasmas, and that it always 
locates on loop regions of the hypothetical secondary stem-loop structures. A nucleotide sequence similar to the '-10' box of prokaryotic promoters 
was identified at upstream sites of the boxA.like sequence in the 16 S/23 S spacer egions. These structures may represent an internal promoter 
between the 16 S and 23 S rRNA genes in mycoplasmas. 
boxA; rRNA; Antitermination; Mycoplasma; Promoter 
The so-called boxA sequence, originally found at 
upstream regions of the nut site of the lambda phage 
genome, is considered to be the recognition site for the 
Escherichia coli host NusA protein, a transcription 
termination factor [1]. A sequence homologous to the 
boxA of phage lambda has also been identified in the 
tryptophanase operon [2], and in the leader sequence of 
glutamate synthase structural genes [3] of E. coll. A 
large stem-loop structure with the boxA sequence, 
which causes trong reduction of gene expression, has 
been demonstrated between melA and melB of the 
melibiose operon of E. cell [4]. Although the boxA se- 
quence in lambda phage is implicated in trascription 
antitermination [5], function of the boxA-like sequences 
located in the structural genes of E. cell has not been 
well understood. The boxA sequence has been found in 
a wheat RNA gene of Triticum vulgate vat. aria [6]. The 
boxA-like sequences have also been reported in the 16 
S/23 S rRNA intergenic spacer of rrnB of E. coil [7] as 
well as in the promoter regions of rrnB and rrnE of E. 
coli [8,9] and of rrnB and rrnO of Bacillus subtilis 
[10,11]. 
We have found the boxA-like sequence in the 16 S/23 
S rRNA intergenic spacer egions of mycoplasmas, the 
smallest and simplest self-replicating prokaryotes. The 
mycoplasma genome is also the smallest in size among 
free-living cells. Therefore, mycoplasma cells are con- 
sidered to represent the minimum living system and to 
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have minimal numbers of genes indispensable for 
growth [12]. Mycoplasmas am known to carry only one 
or two sets of rRNA genes in their genome [13]. 
Ribosomal RNA genes of mycoplasmas are or- 
ganized in rRNA operons and transcribed from an 
upstream promoter of the 16 S rRNA gene in the 
arrangement of 5'-16 S-23 8-5 S-3' [14]. In one minor 
variation, Mycoplasma hyopneumoniae, the 16 S and 23 
S rRNA genes are close, but the 5 S rRNA gene is 
separated by about 4 kb [15]. A different structural 
organization has recently reported for M. gallisepticum 
in which one locus contains 16 S, 23 S and 5 S rRNA 
genes; a second contains 23 S and presumably 5 S; and 
a third appears to have only the 16 S rRNA gene [16]. 
In E. coil and B. subtilis, some tRNA gen~ are known 
to be located in the spacer egion between the 16 S and 
23 S rRNA genes and are co-transcribed with them. 
However no tRNA genes have been evident so far be- 
tween the 16 S and 23 S rRNA genes of mycoplasmas 
like eukaryotes [15,17,18]. The spacer egions between 
the 16 S and 23 S rRNA genes of M. hyopneumoniae and 
M. capricolum contain sequences complementary to the 
5'- and 3'-flanking sequences of both 16 S and 23 S 
rRNA genes [17,19], suggesting that the rRNA 
transcript can generate large stem-loop structures by 
pairing between the spacer regions and the 5' or 3'- 
flanking sequences of 16 S and 23 S rRNA. These stem- 
loop structures in primary rRNA transcripts are known 
as possible substrates for processing enzymes during 
rRNA maturation [9,1 I] in other eubacteria such as E. 
coli [20] and B. subtilis [10]. This processing site between 
the 16 S/23 S rRNA spacer egions has also bc~n d~m- 
onstrated in other Mycoplasma species [18]. 
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Fig. 1, Hypothetical secondary structure or ' the  spacer egion between 
16 S and 23 S rRNA genes of  M, hominis and M, a'alivarium, The 
"boxA'-like sequence is boxed. Direct repeats are indicated by arrows. 
Mismatch pairing is shown by an asterisk, 
We have previously sequenced the spacer egions be- 
tween the 16 S and 23 S rRNA genes of the following 
mycoplasmas and deposited their sequences to the 
EMBL Data Library under the accession numbers 
given in parentheses [18]: M. orale CH19299 (X58556), 
M. salivar&rn PG20 (X58558), M. hominis PG21 
(X58559), M. fermentans POl8 (X58553), M. arginini 
G230 (X58560), M. hyorhin& BTS7 (X58555), M. ar- 
thrftidis PG6 (X58557), M. puhnonis m53 (X58554), M. 
neurolyticum PG28 (X58552), M. hyopneumoniae 
VPPII (X58551), and Ureaplasma urealyticum T960 
(X58561). All of these sequences were investigated for 
direct repeats, inverted repeats and specific motifs by 
using a SEQA program (Shiragami, unpublished). 
Regions of significant sequence similarity were aligned 
by a combination of visual inspection. Hypothetical sec- 
ondary structures were edited and plotted from the 
results deduced from the SEQA program. 
Several palindromic sequences, which may be re- 
sponsible for pausing, were identified between the 16 
S/23 S rRNA intergenic spacer egions of the 11 My. 
coplasma species examined (Fig. 1). However neither 
tRNA genes nor their pseudogenes were found between 
the 16 S/23 S rRNA intergenic spacer egions of my- 
coplasmas, and this is similar to eukaryotic spacers. A 
boxA-like sequence was seen within the rRNA process- 
ing sites of all the Mycoplasma species examined and it 
always locates on the loop of the possible secondary 
stem-loop structures (Fig. 1). A short consensus motif 
5'-CTTT(G/A)-3' of the boxA is similar to a direct 
repeat in the controlling region of the E. coli lac operon. 
A direct repeat sequence, 5'-AATATTT-Y, is conserved 
among several mycoplasmas examined, but its logical 
function is unknown. A putative promoter sequence 
similar to the '-10 (TAATAT)' box of the P2 promoter 
ofthe E. coli rRNA operon E was found between 19 and 
35 bp upstream from the boxA.like sequence in M. sali- 
varium, M. hominis and U. urealyticum (Fig. 2). These 
common sequences may represent an internal promoter 
between the 16 S/23 S rRNA genes though its promoter 
activity has not been examined yet. If it is active, M. 
hyopneumoniae nd M. gallisepticum ay use this in- 
ternal promoter for the transcription of their split 
rRNA genes which lack upstream leader promoters of 
the 16 S rRNA gone. It has been reported that some 
eubacteria and archebacteria h ve also putative internal 
promoters between the 16 S and 23 S rRNA genes 
[21,22]. Although the presence of a promoter-like se- 
quence in the 16 S/23 S rRNA intergenic spacer egion 
has been considered to be responsible for a different 
function [8], it may not be easy to interpret this common 
structure by chance because it is highly conserved 
among such distant microorganisms. Our observation 
demonstrates that the boxA.like sequences are con- 
served in mycoplasmas, the smallest self-replicating 
procaryotes. Mycoplasmas may provide a simple model 
to examine the function of the 'boxA' sequences in rive. 
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